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ABSTRACT - Methanolic extract of a colonial green microalga Desmodesmus sp.
(U-AU2) isolated from a rock surface of a cement wall of a building found in Los
Bafos, Laguna (Philippines), was subjected to microtiter plate dilution assay against
a wide spectrum of bacteria. U-AU2 exhibited pronounced activity against Gram-
positive bacteria, Staphylococcus aureus with minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) of 31.25 and 125.00 pg/ml,
respectively. It was moderately active against Listeria monocytogenes, Methicillin-
Resistant S. aureus and Pseudomonas aeruginosa (MIC = 250 pg/ml) as well as
Aeromonas hydrophila (MIC = 1000 pg/ml). Minimum bactericidal concentration
(MBC) of 1000 png/ml was observed against L. monocytogenes, Methicillin-Resistant
S. aureus, A. hydrophila and P. aeruginosa. On the other hand, no antibacterial
activity was observed against Enterobacter aerogenes, Salmonella typhimurium and
Escherichia coli. Phenolic content of the methanolic extract was determined using
Folin-Ciocalteu reagent and found to have total phenolic content of 652.66 ng
GAE/ml. Antioxidant activity was evaluated using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging activity assay and copper reduction antioxidant
capacity (CUPRAC) assay. Relative antioxidant efficiency showed that U-AU2
exerted potent radical scavenging activity and high ability of reducing copper ions
from Cu (i) to Cu (I) in a concentration dependent manner. The findings further
revealed that the copper ion chelating ability as well as the radical scavenging
activity of the extracts were dose-dependent and positively correlated to their
phenolic content. The results of this study showed that U-AU2 could be used as
alternative source of bioactive compounds for pharmaceutical industry.

Keywords: methanolic extract; phenolic content; antioxidant activity; antibacterial
activity

INTRODUCTION

Recently, researchers agreed that the rate of discovery from traditional microbial drug
producers like actinomycetes and hyphomycetes is decreasing. Because microalgae are largely
unexplored, they represent hot spots for discovery of new drugs (Singh et al., 2005). Microalgae are

To cite this paper: Arguelles, E. D. L. R., Laurena, A. C., Martinez-Goss, M. R., and Monsalud, R.
G. 2017. Antibacterial Activity, Total Phenolic Content and Antioxidant Capacity of a Green
Microalga Desmodesmus sp. (U-AU2) from Los Bafios, Laguna (Philippines). Journal of Nature
Studies. 16 (2): 1-13

Journal of Nature Studies 16(2)


mailto:edarguelles@up.edu.ph

Arguelles, Laurena, Martinez-Goss & Monsalud

diverse group of photosynthetic microorganisms that exist as single cells or as loosely organized clumps
of cells (colonies) and are found in both marine and freshwater ecosystems. The capability of microalgae
to proliferate or survive over a broad range of environmental conditions results in the production of
several secondary metabolites, which are of significant value in several biotechnological fields such as
aquaculture, health, food and pharmaceutical industries (Andersen, 1996). Microalgae produce a number
of structurally novel and biologically active secondary metabolites that act as chemical defense against
herbivores, competition for space and predation. These metabolites are reported to have bacteriostatic,
bactericidal, antifungal, antiviral, anti-inflammatory, and antitumor activity (Simi¢ et al., 2012; Uma et
al., 2011). Biologically active compounds such as carotenoids, polyunsaturated fatty acids (PUFA),
polyphenols, phycabilins, polysaccharides, vitamins, sterols, and other antioxidants are also present in
microalgae (Choochote et al., 2014). These compounds are largely unexplored natural sources of
bioactive ingredients and are gaining much attention since they can lead to the discovery of new
compounds or bioactivities. Microalgae with high contents of bioactive compounds as well as high
growth rate in the natural environment have yet to be exploited for biotechnological purposes. Hence, the
continuing focus on research about the isolation and characterization of such microalgae.

Several species of green microalgae have been proven to have antibacterial activity in vitro
against both Gram-positive and Gram-negative bacteria. Strains of Scenedesmus (S. obliquus, and S.
quadricauda) were reported to show antibacterial activities against Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and Bacillus subtilis (Abedin and Taha, 2008; Guedes et al., 2011). In
addition to this, Bhagavathy et al., (2011) reported that various organic solvent extracts and purified
pigments (carotenoid, chlorophyll) of Chlorococcum humicola inhibit the growth of E. coli, Salmonella
typhimurium, Klebsiella pneumoniae, Vibrio cholera, P. aeruginosa, S. aurues, and B. subtilis. In a
study made by Ghasemi et al., (2007), aqueous, methanolic and hexanolic extracts of Chlorella vulgaris
showed growth inhibitory effect against S. epidermidis, S. aureus, and S. typhi. Green microalgae serve
as good sources of antibacterial substances that could have numerous applications in the pharmaceutical
industry.

Antioxidants, either synthetic or natural, are substances that help in preventing oxidation and
oxidative damage to cells by scavenging free (oxygen or hydroxyl) radicals such as superoxide anion
radicals (Oy), hydrogen peroxide (H.O,), hydroxyl radicals (OH) and singlet oxygen (*O5) (Simié et al.,
2012). The possibility of using microalgae as source of antioxidant compounds are supported by some
earlier studies wherein successful isolation of various types of antioxidant compounds including lutein in
Muriellopsis sp.; p-carotene in Dunaliella salina; lutein and zeaxanthin in Scenedesmus almeriensis;
astaxanthin and lutein in Chlorella zofingensis; carotenoids in Haematococcus pluvialis; astaxanthin in
H. pluvialis and Chlorococcum sp.; a-tocopherol in Nanochloropsis oculata; novel peptide (Leu-Asn-
Gly-Asp-Val-Trp (702.2 Da)) in C. ellispoidea; and phenolic compounds (Phenol,2,4-bis (1,1-
dimethylethyl) and Phenol,2,6-bis (1,1-dimethylethyl)-4-methyl) in Synechocystis sp. have been reported
(Plaza, et al., 2010; Ko, et al., 2012; Choochote et al., 2014). Researches on the antioxidant activity of
microalgae are few, specifically regarding the relationship between their antioxidant capacity and
phenolic content. Thus, it is valuable to assess the relationship between these two parameters and to
identify some rich sources of antioxidants from microalgae (Li et al., 2007).

Desmodesmus spp. of the Chlorophyceae are cosmopolitan microalgae, occurring widespread
mainly in the subtropical and tropical regions. These microalgae are considered to possess high
adaptability and tolerance to severe conditions such as high temperature and desiccation but grows best at
relatively high light intensity and moderate temperature. The cells of Desmodesmus spp. are greenish,
enclosed within a common mucilaginous sheath and occur as either obovate or ellipsoidal and are
heavily-granulated. These organisms are usually arranged in tetrads but can also be observed in single
and double-celled forms. The colonial forms always have spiny projections that surround the whole cell
surface. These forms were developed through production of daughter cells within mother cell (El
Semary, 2011).

In this study, a local isolate of Demodesmus sp. (morphologically similar to D. abundans) was
studied for its antibacterial activity, phenolic content and antioxidant activity. DPPH-radical scavenging
activity and cupric ion reducing ability assays were utilized to characterize the antioxidant activity of the
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green microalgae. To date, several studies (in other countries) reported about the bioactivity potential of
several strains of Desmodesmus sp., but no reported data exist on its biological activity in the Philippines.
Because of this, it is very much essential to explore the capabilities of local strains of this organism as
source of bioactive compounds for biotechnological exploitation and application.

MATERIALS AND METHODS

Mass Cultivation of Algal Isolate

The Phycology Laboratory |, Institute of Biological Sciences (IBS), University of the
Philippines Los Bafios (UPLB), Philippines, provided the microalga Desmodesmus sp. U-AU2 (isolated
and deposited by E.DLR. Arguelles) used in the present work. This organism was isolated from a
greenish crust sample obtained on rock surface of a cement wall at IBS greenhouse. The microalgae was
cultivated in large amounts to be used for screening of bioactive compounds. Initially, inoculum
development was done in preparation for inoculation of three liters medium. The algal isolate was
inoculated into nine sterile bottles containing 100 mL each of liquid BG-11 medium. The bottles were
incubated for a period of two to four weeks and were exposed to indirect sunlight with light/dark cycle as
that of a normal day/night cycle. After the incubation period, the culture was inoculated to three sterile 6-
L glass bottles containing three liters of media (three 100 mL cultures per 6-L bottle). The algal biomass
(cell count = 5.12 x 107) was harvested after 22 days (the stationary phase) and centrifuged at 10000 rpm
and 4°C, for 10 min. The harvested microalgae were rinsed with distilled water. The preparation was
centrifuged again and freeze-dried (using Virtis Freeze mobile 25 SL lyophilizer) for long-term storage.

Preparation of Algal Extract for Antimicrobial Screening

The powderized algal biomass was soaked in methanol (1g biomass: 20 ml
methanol) overnight with stirring. The extract was filtered through glass funnel and Whatmann No. 1
filter paper. The resulting extract was concentrated to dryness in a rotary evaporator under reduced
pressure (at 40°C) until a crude extract was obtained, and was conserved at 4°C.

Micro-dilution Antimicrobial Assay

The two-fold serial dilution technique was used to determine the minimum inhibitory
concentration (MIC) of the test sample. Three Gram-positive bacteria (Staphylococcus aureus,
Methicillin-Resistant Staphylococcus aureus, and Listeria monocytogenes), and five Gram-negative
bacteria (Aeromonas hydrophila, Pseudomonas aeruginosa, Enterobacter aerogenes, Salmonella
typhimurium and Escherichia coli) were used as test organisms. Bacteria were pre-cultured overnight
with shaking in Luria Bertani (LB) medium at 37°C.

In a 96-well microtiter plate, 100 ul of bacterial cultures (1x 10° cells/ml) were added to 100 pl
of test sample prepared in various dilutions starting from 1000ug/ml down to 7.8125 ug/ml. Methanol
was also included in the plate serving as the negative control. The seeded plate was covered and
incubated overnight, after which the minimum inhibitory concentration (MIC) of the algal extract was
noted. MIC is defined as the lowest concentration of the test sample (algal extract) that inhibited bacterial
growth after a 12-h incubation period. At the end of the incubation period, the plates were evaluated for
the presence or absence of microbial growth. The lowest concentration of the algal extract at which there
was no apparent growth was considered as the MIC for the extract-microbe combination being
examined. As for the controls, the MIC of streptomycin against each bacterial species was similarly
determined.

Minimum Bactericidal Concentration (MBC)

The MBC were determined by inoculating one loop of sample in wells that showed no
apparent growth from the MIC assays onto nutrient agar and tryptic soy agar plates. The plates were
incubated at 30°C, 24 hours and were examined for colony growth or lack of growth for each dilution
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subculturing. No bacterial growth indicated that the algal extract was bactericidal at that particular
dilution. Growth indicated that the sample was bacteriostatic at that dilution. The lowest concentration
displaying no visible growth on agar subculture was considered as MBC value.

Determination of Total Phenolic Content

The total phenolic content was determined by Folin-Ciocalteu method according to the
procedure of Nufiez Selles et al., (2002). The sample was diluted with water and to 0.5 ml of the diluted
sample, 0.5 ml of Folin-Ciocalteu’s phenol reagent (Sigma-Aldrich) and 0.5 ml of 10% Na,CO; were
added. After standing for 5 min, 5 mL of sterile distilled water were added. The absorbance readings
were measured and recorded at 720 nm (Shimadzu UV-1601 spectrophotometer) with water plus reagent
as blank sample. Total phenolic content was computed in a standard curve with gallic acid as reference
phenol. The results were expressed as gallic acid equivalents (GAE) since the total phenolic content was
determined using the equation acquired from a standard gallic acid calibration curve.

DPPH Radical Scavenging Assay
The synthetic antioxidants butylated hydroxyl-anisole (BHA) and butylated hydroxyl-toluene (BHT)

were used as reference antioxidants. Briefly, 100 ul of aliquot of test samples was added to 5.0 ml of 0.1
mM DPPH methanolic solution. The mixture was vortexed and then left to stand at room temperature for
20 min. The absorbance of all the algal sample solutions was measured at 517 nm. The scavenging effect
(%) was calculated by using the formula given by Ribeiro et al., (2008).

Inhibition (%) = [(A control-A sample )/A control ] x 100

Copper Reduction Antioxidant Capacity (CUPRAC) Test

The cupric ion reducing capacities of the algal extract was determined according to Alpinar et
al., (2009). For this, 1ImL each of 0.01 M CuCl,, 0.0075M neocuproine, and Ammonium acetate
(C2H302NH,) buffer (1M, pH 7.0) solutions were sequentially added into a sterile test tube. Then, 0.5mL
of the algal extract at different concentrations (5, 10, 15, 20, and 25 pg GAE/mI) was mixed, and the total
volume was brought up to 4.1mL with sterile distilled water. After 30min incubation at room
temperature, the mixture absorbance was measured at 450 nm and recorded against a blank.

Statistical analyses

All data were presented as means + standard deviations (mean + SD) of three parallel
measurements. Calculation of linear correlation coefficient and correlation analysis were carried out
using MS Office Excel 2007.

RESULTS AND DISCUSSION

The IBS-UPLB provided the microalga Desmodesmus sp. U-AU2 used in the study. The organism was
isolated from a greenish crust sample obtained on rock surface of a cement wall at IBS greenhouse. The
cells of this isolate is characterized by being greenish in color, enclosed within a common mucilaginous
sheath and occur as either obovate or ellipsoidal and are heavily-granulated. Usually the cells are
arranged in tetrads but can also be observed in single and double-celled forms. The colonial forms of this
organism always have spiny projections that surround the whole cell surface.

Journal of Nature Studies 16(2)



Antibacterial Activity, Total Phenolic Content and Antioxidant Capacity of a Green
Microalga Desmodesmus sp. (U-AU2) from Los Bafios, Laguna (Philippines)

Figure 1. Photomicrograph of Desmodesmus sp. (1000x).
Scale bar =5 pm.

Antibacterial Screening

Microalgal strain Desmodesmus sp. (U-AU2) was grown autotrophically (using an improvised
laboratory scale photobioreactor) in batch culture using BG 11 medium. Methanolic extract of U-AU2
was subjected to antimicrobial assays against a wide spectrum of microorganisms. U-AU2 exhibited
pronounced activity against Gram-positive bacteria, Staphylococcus aureus with MIC and MBC of 31.25
and 125.00 pg/ml, respectively. It was moderately active against Listeria monocytogenes, Methicillin-
Resistant Staphylococcus aureus and Pseudomonas aeruginosa (MIC = 250 pg/ml) as well as Aeromonas
hydrophila (MIC = 1000 pg/ml). Minimum bactericidal activity of 1000 pg/ml was observed against
Listeria monocytogenes, Methicillin-Resistant S. aureus, Aeromonas hydrophila and P. aeruginosa. The
antibacterial activity of the algal extract was compared to streptomycin (standard antibiotic). In a
negative control, methanol had no inhibitory effect on the tested bacterial pathogen. Methanol is
considered one of the frequently used solvents for determining MIC of natural antibacterial compounds
and are considered as solvent that evidently do not affect the bacterial growth significantly since it is not
toxic in minimal amounts (Wadhwani, et al., 2008).
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Table 1. Antibacterial activity of Desmodesmus sp. (U-AU2)

MINIMUM MINIMUM
TEST ORGANISM INHIBITORY BACTERICIDAL
CONCENTRATION CONCENTRATION
(ng/ml) (ng/ml)
Gram-positive bacteria
Staphylococcus aureus 31.25 125.00
Listeria monocytogenes 250.00 1000.00
Methicillin-Resistant Staphylococcus 250.00 1000.00
aureus
Gram-negative bacteria
Pseudomonas aeruginosa 250.00 1000.00
Aeromonas hydrophila 1000.00 1000.00
Escherichia coli >1000.00 ND
Enterobacter aerogenes >1000.00 ND
Salmonella typhimurium >1000.00 ND

*ND = Not Determined

In the present study Desmodesmus sp. (U-AU2), when extracted with methanol showed
significant activity against some of the bacterial strains tested. The result of the present study is
consistent with earlier reports as methanol extracts of U-AU2 showed to be relatively more potent in
displaying antibacterial effect. Methanolic extracts of a cyanobacteria (Microchaete tenera) and two
green algae (Nitella tenuissima and Sphaeroplea annulina) when tested for in vitro antibacterial activity
averse to four bacterial strains, exhibited notable effect against Pseudomonas aeruginosa
(Prashantkumar, et al., 2006). Pseudomonas aeruginosa used in the present study was found to be
inhibited by the algal extracts.

Desmodesmus sp. has been documented to have a wide array of antibacterial properties when
tested against various pathogenic strains such as P. aeruginosa, S. aureus and E. coli. A study made by
El Semary, 2011 showed that fractions of methanolic extracts of Desmodesmus sp. exhibited the high
antimicrobial activities against pathogenic bacterial strains including multi-drug resistant P. aeruginosa,
E. coli, S. aureus and B. subtilis. This result is similar to this study since the microalgal extract showed
no activity against S. typhimurium but showed a strong activity against S. aureus and Methicillin-resistant
S. aureus. A study made by Desbois et al., (2008) proved that a polyunsaturated fatty acid
hexdecatrienoic
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acid n4 (in the methanolic extract) showed antimicrobial activity against both Gram-positive and Gram-
negative bacteria and is highly active against multidrug resistant S. aureus. Turney et al. (2006) also
indicated that antimicrobial activity can also be associated to volatile compounds (such as hydrogen
peroxide, terpenoid, and bromoether, volatile fatty acids compounds). The most common compounds in
methanol extract were plasticizer compound, phenols, flavonoid and phytol (acyclic diterpene alcohol),
and in acetone extract were phytol, plasticizer compound, ester, and alkenes (Turney, et al., 2006).

Study results showed that methanolic extract of microalgae have effects on the growth of some
of Gram-positive and Gram-negative bacterial species. Generally, pathogenic bacteria have varying
responses and sensitivity to microalgae methanolic extracts. In most cases, Gram positive would respond
more to these extracts than the Gram-negative bacteria. Such difference can be due to genetic or chemical
structure of microorganisms and the nature of their cell membrane. Active compounds are typically less
effective against Gram-negative bacteria because of their composite, multilayered cell wall structure —
which makes penetration of bioactive compound more difficult (Amaro et al., 2011). This explains why
the antibacterial activity of the supernatant (methanolic extracts) is more potent against Gram-positive
than Gram-negative bacteria. Gram-positive bacteria contains very high level (90-95%) of peptidoglycan
and contains phospholipids (5-10%) and lipopolysaccharides, making it suitable medium to entrance and
reaction of the antimicrobial factors inside the Gram-positive cell destroying the protein biosynthesis
units (DNA and RNA) and cell membrane. On the other hand, the membrane of Gram-negative bacteria
has two layers, the outer and inner membranes that are separated by periplasmic space. The outer
membrane consists of phospholipids, lipoprotein and mucopolysaccharides and the inner membrane
consists of peptidoglycan (glycopeptide) (5-10%). The structural feature of the said bacteria is not
suitable for the entrance of antimicrobial agents and thus reduces of its effects on the bacteria (Al-
Samary, 1999).

Several important factors such as temperature of incubation, strain selection, incubation
period, medium constituents, pH of the culture medium and light intensity can influence the antimicrobial
agent production of certain microorganism (Orddg, et al., 2004). Strain selection is a very important
factor, as biological activity differs among strains of one species. Changes in growth conditions of
microalgae do affect biological activity, as there are optimal conditions for the synthesis of secondary
metabolites. These conditions under which the different secondary metabolites are synthesized by an
organism must be known in order to maximize the production of the beneficial secondary metabolites
(Ordég, et al., 2004) For example, the optimal temperature for growth and mass production of an
antimicrobial substance in Synechococcus leopoliensis is 35°C (Noaman et al., 2004). Extracellular
filtrates from Calothrix sp. and Anabaena sp., grown at the most suitable conditions for growth at
temperature (40+2°C) and light intensity (90-100 pmol photons m. s™) show the potent activity against
plant pathogen Rhizoctonia bataticola and Pythium debaryanum (Radhakrishnan et al., 2009). In this
study, such modifications in the cultivation conditions were not done. The microalgal cells were grown in
a rich culture media (without limiting any chemical components) and were harvested at stationary phase
of growth.

Total Phenolics and Antioxidant Activity
Total phenolic content was determined using Folin-Ciocalteu reagent in terms of gallic acid

equivalents (GAE). Antioxidant activity was evaluated using diphenyl- 1,2-picryl hydrazyl (DPPH) free
radical scavenging activity assay and reduction of copper ions using the CUPRAC assay. Total phenolic
content of the methanolic extract of U-AU2 was observed to be 652.66+0.042 ug GAE /ml.

DPPH Radical Scavenging Assay
The antioxidant activities of the methanolic algal extracts were measured using two assays:

DPPH free-radical scavenging assay and cupric ion reducing capacities (CUPRAC assay). The study
used DPPH scavenging assay to test the capacity of the antioxidative compounds acting as proton radical
scavengers or hydrogen donors. Highly antioxidative substances will cause the change from the purple
chromogen radical to the pale yellow hydrazine (Goh et al., 2010). Low absorbance readings correlates to
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high amount of scavenged free radicals by the antioxidants. Methanolic extract of the microalgae was
further analyzed to check its scavenging activity against 1,1-diphenyl-2-picrylhydrazyl (DPPH). Relative
antioxidant efficiency is presented in Figure 2. Desmodesmus sp. (U-AU2) exerted radical scavenging
activity showing inhibition percentage that is concentration dependent. The percentages of antioxidant
property of the methanolic extract of U-AU2 at concentrations from 5-25 pg GAE range from 7.34-
22.19%. Among the various concentrations of methanolic extract of U-AU2 used, 25ug GAE had the
strongest scavenging ability while 5ug GAE had the lowest. The results exhibited that the scavenging
activity increases when the concentration of the algal extracts is increased. High percent DPPH radical
inhibition of the extract corresponds to high phenolic content on the algal extract. On the other hand,
algal extract concentration with low DPPH radical percent inhibition contains relatively low phenolic
content.
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Figure 2. Scavenging effects on DPPH free radical by various concentrations of
polyphenols extracted from Desmodesmus sp (U-AU2).
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Figure 3. Simple regression correlation between total phenolic content and total
antioxidant activity using DPPH Radical Scavenging Assay of Desmodesmus sp.
U-AU2.
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The correlation coefficient (R?) between antioxidant activity and total phenolic content of U-
AU2 using DPPH scavenging assay is shown in Figure 3. Total phenolic content in crude extract of the
microalgae is highly correlated to the antioxidant activity (DPPH radical scavenging assay) and the study
agrees with the earlier studies (Sushanth and Rajashekhar (2015); Shetty and Sibi (2015)). Strong
positive correlation coefficients were observed between total phenolics and DPPH radical scavenging
assay for U-AU2 having value of (R?=0.973). The result of this study shows that phenolic compound
enhances the antioxidant properties of the microalga.

CUPRAC Assay

Reducing power of the microalgal extract on copper ions using the CUPRAC assay is shown
in Figure 4. CUPRAC assay is a method based on reduction of Cu (1) to Cu (I) by antioxidants. Elevated
absorbance readings indicated higher reducing ability of the methanolic extract. All of the samples
showed the ability of reducing copper ions from Cu (I1) to Cu (I) in a concentration dependent manner.
Highest reducing activity was observed at 25 pg GAE/ml of phenolics in microalgal extract when
compared to the lower concentration.
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Figure 4. Reducing power of various concentrations of polyphenols extracted from
Desmodesmus sp (U-AU2) using CUPRAC assay.
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Figure 5. Simple regression correlation between total phenolic content and total
antioxidant activity CUPRAC Assay of Desmodesmus sp. U-AU2.
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At a concentration of Spg, 10ug, 15ug, 20ug and 25ug of Desmodesmus sp. (U-AU2) the
absorbances were 0.17, 0.306, 0.526, 0.705, and 0.875 respectively. These results are similar to those
obtained from the DPPH assay in which 25ug showed the highest total antioxidant capacity (TAC). The
results showed that the antioxidant activity was increased when the concentration of the extract was
increased.

The strong correlations (Figure 5) between the result using the CUPRAC assay of measuring
antioxidant capacity and the total phenolic content (R® = 0.9971) proved that phenolic compounds
contribute to the antioxidant activities of these microalga, and therefore could play an important role in
the beneficial effects of these alga. In addition, this organism can create diverse kinds of other
antioxidants such as pigments, polyunsaturated fatty acids and polysaccharides. Several studies show that
a wide range of phenolics exists in microalgae, but further identification of phenolic components is
necessary to get more appropriate understanding regarding correlation between phenolics and antioxidant
activity (Sushanth and Rajashekhar, 2015).

Antioxidants can be categorized based on their action such as free radical scavenger, metal
chelater and oxygen scavenger (Tiwari 2001; Balanquit, et al., 2015). The results of the present study
suggested that the algal extracts could inhibit oxidation through the metal chelation mechanism and free
radical scavenging. This antioxidant activity can be attributed to phenolic compounds as well as other
phycochemical compounds such as carotenoids, polyunsaturated fatty acids (PUFA) and polysaccharides
present in the algal extract. These compounds can act as natural antioxidants even though the phenolic
contents in algal cells are low. Factors such as polarity of solvents and extraction methods for
polyphenols must also be taken into consideration in order to extract the phenolic compounds of interest
in the sample. The choice of solvent used for the extraction of phenolic compounds depends on its
solubility property (Aili Zakaria, et al., 2011). Phenolic compounds are commonly more soluble in polar
organic solvents than in water. The preferable solvents that were commonly used were aqueous mixtures
of methanol, ethanol, and acetone. Phenolic compounds extracted may also differ for different species,
extraction methods, and solvents used (Aili Zakaria, et al., 2011). These factors must be considered in
further works on antioxidant potentials of Philippine microalgae.

CONCLUSION AND RECOMMENDATION

Microalgae and cyanobacteria are a source of many biologically functional substances that
deserve attention because of the many health benefits they provide. The study illustrated for the first time
the antibacterial activity, antioxidant capacity and phenolic content of a green microalga Desmodesmus
sp. obtained from Los Bafios, Laguna, Philippines. Study results showed that methanolic extract of the
alga has antibacterial effect on the growth of some Gram-positive and Gram-negative bacterial species.
Further studies on the identification of the active component in the extract as well as the mechanism of
action against bacterial cells are necessary to evaluate its potential use in the pharmaceutical industry.
The correlation coefficient between the antioxidant capacities and the phenolic contents was significant,
indicating that phenolic compounds were a major contributor to the antioxidant capacities of the
microalga. ldentification of phenolic substances from these microalgae is required to evaluate whether
these microalgae contains novel phenolic compounds that are not known from terrestrial plants.

ACKNOWLEDGMENT

The authors acknowledge the financial support of the Department of Science and Technology -
Accelerated Science and Technology Human Resource Development Program (DOST-ASTHRDP) that
was awarded to the senior author for the completion of his Masteral degree. The help of Ms. Rose May
Ann Capanzana for the proofreading of the manuscript is acknowledged with gratitude.

STATEMENT OF AUTHORSHIP
The senior author prepared the conceptual framework and conducted the experiments and

undertook the preparation of the manuscript. The second, third and fourth authors made important
recommendations in the conduction of the research, reviewed and finalized the manuscript.

10

Journal of Nature Studies 16(2)



Antibacterial Activity, Total Phenolic Content and Antioxidant Capacity of a Green
Microalga Desmodesmus sp. (U-AU2) from Los Bafios, Laguna (Philippines)

REFERENCES

Abedin, R., and Taha, H. (2008). Antibacterial and antifungal activity of cyanobacteria and green
microalgae. Evaluation of medium components by Plackett-Burman design for antimicrobial
activity of  Spirulina  platensis.  Glob. J.  Biotechnol.  Biochem., 3: 22-31.

Aili Zakaria N, lbrahim D, Fariza Sulaiman, S, and Afifah Supardy N. (2011). Asessment of antioxidant
activity, total phenolic content and in- vitro toxicity of Malaysian red seaweed, Acanthophora
spicifera. J. Chem. Pharm. Res. 3(3):182-191

Al-Samary, 1. (1999). A study of antibacterial activity of aqueous extract of Allium sativum L.
(Liliaceae). Eastern Mediterranean health J. Vol. 5, No.4 , pp.803- 810.

Alpinar, K., Ozyurek, M., Kolak, U., Guclu, K., Aras, C., Altun, M., Celik, S.E., Berker, K.I.,
Bektasoglu, B., and Ampal, R. (2009). Antioxidant Capacities of Some Food Plants Wildly Grown
in Ayvalik of Turkey. Food Sci. Technol. Res., 15 (1) pp. 59 - 64.

Amaro, H.M., Guedes, A.C., Malcata, F.X. (2011). Antimicrobial activities of microalgae: An invited
review. In Science Against Microbial Pathogens: Communicating Current Research and
Technological Advances; Méndez-Vilas, A., Ed.; Formatex Research Center: Badajoz, Spain. pp.
1272-1280.

Andersen, RA. (1996). Algae. In: Maintaining Cultures for Biotechnology and Industry (Hunter-Cevera
JC and A Belt, eds), pp 29-64, Academic Press, San Diego.

Balanquit, B.J. and Fuentes, R. (2015). Preliminary Phycochemical Screening and Antioxidant Activity
of Some Brown Algae Sargassum Species From Lawaan, Eastern Samar. Journal of Nature
Studies. 14 (1): 12-21

Bhagavathy, S., Sumathi, P., Jancy Sherene Bell, 1., (2011). Green algae Chlorococcum humicola—A
new source of bioactive compounds with antimicrobial activity. Asian Pac. J. Trop. Biomed., 1:
S1-S7.

Choochote, W., Suklampoo, L., Ochaikul, D., (2014). Evaluation of antioxidant capacities of
green microalgae. J. Appl. Phycol. 26 (1), 43-48.

Deshois, A.P., Lebl, T., Yan, L., and Smith, V.J. (2008). Isolation and structural characterisation of two
antibacterial free fatty acids from the marine diatom, Phaeodactylum tricornutum. Applied
Microbiology and Biotechnology. 81:755 764

El Samary, N.A. (2011). The polyphasic description of a Desmodesmus spp. isolate with the potential of
bioactive compounds production. Biotechnol. Agron. Soc. Environ. 15(2), 231-238.

Ghasemi, Y., Moradian, A., Mohagheghzadeh, A., Shokravi, S., Morowvat, M.H. (2007). Antifungal and
antibacterial activity of the microalgae collected from paddy fields of Iran: Characterization of
antimicrobial activity of Chroococcus dispersus. J. Biol. Sci., 7: 904-910.

Goh, SH, Yusoff FM, Loh SP. (2010). A Comparison of the Antioxidant Properties and Total Phenolic

Content in a Diatom, Chaetoceros sp. and a Green Microalga, Nannochloropsis sp. Journal of
Agricultural Science. 2(3). 123-130.

11

Journal of Nature Studies 16(2)



Arguelles, Laurena, Martinez-Goss & Monsalud

Guedes, A.C., Barbosa, C.R., Amaro, H.M., Pereira, C.l., Malcata, F.X. (2011). Microalgal and
cyanobacterial cell extracts for use as natural antibacterial additives against food pathogens.
Int. J. Food Sci. Technol., 46: 862-870. Ko, S-K., Kim, D., Jeon, Y-J. (2012). Protective effect
of a novel antioxidative peptide from a marine Chlorella ellipsoidea protein against free
radical-induced oxidative stress. Food Chem Toxicol., 50: 2294-2302.

Li, H.B., Cheng, K.W., Wong, C.C., Fan, K.W., Chen, F., and Jiang, Y. (2007). Evaluation of antioxidant
capacity and total phenolic content of different fractions of selected microalgae. Food Chem., 102:
771-776.

Noaman N., Fattah A., Khaleafah M., and Zaky S.H. (2004). Factors affecting antimicrobial activity of
Synechococcus leopoliensis, Microbiol. Res. 159: 395-402

Nufiez Selles, A., Castro, H.T.V., Aguero, J.A., Gonzalez, J.G., Naddeo, F., De Simone, F., and Pastrelli
L. (2002). Isolation and quantitative analysis of phenolic antioxidants, free sugars and polyols
from mango (Mangifera indica L.) stem bark aqueous decoction used in Cuba as a nutritional
supplement. Journal of Agricultural Food Chemistry, 50:762-766.

Ordég V., Stirk, W.A., Lenobel, R., Bancirova, M., Strand, M., Van Standen, J. (2004). Screening
microalgae for some potentially useful agricultural and pharmaceutical secondary metabolites.
Journal of Applied Phycology. 16:309-314.

Plaza, M., Santoyo, S., Jaime, L., Reina, G.G-B., Herrero, M., Sefiorans, F.G., lbafez, E., (2010)
Screening for bioactive compounds from algae. J Pharm Biomed Anal, 51:450-455.

Prashantkumar, P., Angadi, S.B., Vidyasagar, G.M. (2006). Antimicrobial activity of blue green and
green algae. Indian Journal of Pharmaceutical sciences. 68:647-648.

Radhakrishnan B., Prasanna R., Jaiswal, P., Nayak S., Dureja, P., (2009). Modulation of biocidal activity
of Calothrix sp. and Anabaena sp. by environmental factors, Biologia, 64, 881-889.

Ribeiro, S.M.R., Barbosa, L.C.A., Quieroz, J.H., Knodler, M., Schieber, A. (2008). Phenolic compounds
and antioxidant capacity of Brazilian mango (Mangifera indica L.) varieties. Food Chemistry, 110
(3): 620-626.

Singh, H.S., Kate, B.N., and Banerjee, U.C. (2005). Bioactive compounds from Cyanobacteria and
Microalgae: An overview. Critical Reviwews in Biotechnology, 25: 73-95

Simi¢ S, Kosani¢ M, Rankovi¢ B. (2012). Evaluation of In Vitro Antioxidant and Antimicrobial
Activities of Green Microalgae Trentepohlia umbrina. Not Bot Horti Agrobo. 40(2): 86-91.

SushanthV.R., and Rajashekhar, M. (2015). Antioxidant and antimicrobial activities in the four species of
marine microalgae isolated from Arabian Sea of Karnataka Coast. Indian Journal of Geo-Marine
Sciences .vol. 44(1).

Tiwari A. K. (2001). Imbalance in antioxidant defence and human disease: multiple approach of natural
antioxidants therapy. Curr. Sci. 81:1179-1187.

Turney, 1., Cadirci, B.H., Nal, D., Sukatar, A. (2006). Antimicrobial activities of the extracts of marine
algae from the coast of Urla (Izmir, Turky). Turk J. Biol. 30:171-175.

12

Journal of Nature Studies 16(2)



Antibacterial Activity, Total Phenolic Content and Antioxidant Capacity of a Green
Microalga Desmodesmus sp. (U-AU2) from Los Bafios, Laguna (Philippines)

Uma R, Sivasubramanian V, Niranjali Devaraj S. (2011). Preliminary phycochemical analysis and in
vitro antibacterial screening of green micro algae, Desmococcus olivaceous, Chlorococcum
humicola and Chlorella vulgaris. J Algal Biomass Utln 2:74-81.

Wadhwani, T, Desai, K, Patel, D, Lawani, D, Bahaley, P, Joshi, P, Kothari, V. (2008). Effect of various

solvents on bacterial growth in context of determining MIC of various antimicrobials. The
Internet Journal of Microbiology. 7(1): 1-6.

JOURNAL OF NATURE STUDIES
(formerly Nature’s Bulletin)
ISSN: 1655-3179

Journal of Nature Studies 16(2)



	algae-first page
	Recently, researchers agreed that the rate of discovery from traditional microbial drug producers like actinomycetes and hyphomycetes is decreasing. Because microalgae are largely unexplored, they represent hot spots for discovery of new drugs (Singh et al., 2005). Microalgae are 

	algae-content
	algae-last page
	algae-first page.pdf
	Recently, researchers agreed that the rate of discovery from traditional microbial drug producers like actinomycetes and hyphomycetes is decreasing. Because microalgae are largely unexplored, they represent hot spots for discovery of new drugs (Singh et al., 2005). Microalgae are 

	algae-first page.pdf
	Recently, researchers agreed that the rate of discovery from traditional microbial drug producers like actinomycetes and hyphomycetes is decreasing. Because microalgae are largely unexplored, they represent hot spots for discovery of new drugs (Singh et al., 2005). Microalgae are 


